In the last decades, our knowledge of ziphiid evolution has increased dramatically. However, their periotic morphology is still poorly known. A fossil ziphiid (TTM-1) including the periotic, bulla, isolated polydont teeth and vertebrae from the Chepotsunai Formation (latest Miocene) of Tomamae Town, Hokkaido, Japan, is identified as a member of a clade with crown ziphiids of Bianucci et al. (2016) by having three periotic synapomorphies; a posteriorly wide posterior process, transversely thick anterior process, and laterally elongated lateral process. The specimen adds morphological information of the periotic. Among the Ziphiidae from the stem to crown, the periotic morphologies were changed to having a more robust anterior process, wider anterior bullar facet and posterior process. The crown Ziphiidae shares a feature; enlarged medial tubercle on the anterior process. Among the crown Ziphiidae, TTM-1 does not have a swollen medial tubercle not like Tasmacetus, Nazcacetus and others. This new morphological information might represent useful future phylogenetic comparisons.
INTRODUCTION
In the last decade, our knowledge of fossil beaked whales has increased dramatically (Bianucci et al., 2005; Lambert, 2005; Lambert and Louwye, 2006; Bianucci et al., 2007; Fuller and Godfrey, 2007; Lambert et al., 2009; Lambert et al., 2010; Bianucci et al., 2013; Buono and Cozzuol, 2013; Lambert et al., 2013; Lambert et al., 2015; Ichishima et al., 2016; Lambert and Louwye, 2016; Ramassamy, 2016; Miján et al., 2017; Gioncada et al., 2018) . The beaked whale family Ziphiidae includes two groups, crown Ziphiidae and a clade comprising the extinct Messapicetus (Bianucci et al., 2016) . Among the fossil ziphiids, preserved ear bones are rare compared to the numbers of reported skulls.
A fossil ziphiid including fragmentary skull, periotic, bulla, vertebrae and isolated teeth from the latest Miocene of Hokkaido, Japan, was originally reported by Kimura (1997) and was implied to have a close relationships with Tasmacetus based on having polydont dentition. Later, Kimura (2003) mentioned that the specimen and Tasmacetus differ in the shape of the cross section of the teeth as oval and conical, respectively. Ichishima (2005) stated that polydont dentition might be a plesiomorphy for the Ziphiidae.
Here, we re-describe the polydont fossil ziphiid from the latest Miocene of Japan and discuss periotic morphological changes among the family. The specimen allows description of the relatively rare periotic and tympanic bulla within the Ziphiidae.
MATERIAL AND METHODS
Morphological terms follow Mead and Fordyce (2009) (Kimura, 1997) . The site is about 800 m north from the city area ( Figure 1 ): latitude 44°19'10"N, longitude 141°39'57"E. Horizon and age. At the area, only two formations, the Embetsu and Chepotsunai Formations are exposed (Matsuno et al., 1962) . The Embetsu Formation is diatomaceous mudstone and is exposed about 600 m northern coast from the TTM-1 locality. From the Embetsu Formation and at this locality, two fossil porpoises, Haborophocoena toyoshimai, H. minutus and Haborodelphis japonicus were reported (Ichishima and Kimura, 2009, 2013; Ichishima et al., 2018) . The Chepotsunai Formation underlays the Embetsu Formation and is taffaceous sandstone with lignite. The matrix of TTM-1 is light gray calcareous sandstone.
The original horizon of TTM-1 is the Chepotsunai Formation as Kimura (1997) mentioned. Regarding Kimura (1997) , the locality had about 8 m thickness of massive sand stone. The fossil was found from 2 m height at the outcrop. Upper to the horizon of the fossil, 6 m thickness of unconformity sandy mud stone sediments laid. The ear bones and teeth were deposited around the skull in about 60 cm cube. Lithology of the matrix from the skull is light gray fine sand but is not nodule. The matrices of TTM-1 on teeth show small dark green grains, which are probably glauconite. The diatom assemblage of TTM-1 (see Table 1 ) is assigned as NPD 7Ba (6.5-5.6 Ma; the latest Miocene, Messinian) of Yanagisawa and Akiba (1998) , based on the occurrence of Neodenticula kamtschatica and absence of Neodenticula koizumii and Shionodiscus oestrupi. The assignment is supported by the presence of Thalassiosira temperei and absence of Rouxia californica. 
SYSTEMATIC PALEONTOLOGY
Order CETACEA Brisson, 1762 Unranked taxon NEOCETI de Muizon, 2001 Suborder ODONTOCETI Flower, 1867 Family ZIPHIIDAE Gray, 1850 Diagnosis. TTM-1 can be identified as a ziphiid, based on the presence of a poorly individualized dorsal keel on the posterior process of the periotic as character 41 in Bianucci et al. (2016) .
Gen. et sp. indet (Figures 2-8 and Tables 2, 3)
Diagnosis. TTM-1 can be identified as a member of the crown Ziphiidae of Bianucci et al. (2016) by three periotic synapomorphies, such as having a posteriorly widened posterior process (character 20 in Bianucci et al. (2016) ); transversely thick anterior process (character 21 in the study); and laterally elongated lateral tuberosity (character 40 in the study). Some bulla characters were used in Bianucci et al. (2016) , but none of them are preserved on the bulla of TTM-1.
Among the fossil ziphiids, preserved ear bones are rare compared to skulls. The periotic of TTM-1 is compared to the ones of six reported ziphiids, a late Miocene to early Pliocene Ninoziphius platyrostris, MNHN SAS 941 from Peru ; a late Miocene Messapicetus gregarius, MUSM 1438 from Peru TABLE 1. Occurrence of diatom fossils in TTM-1. "+" indicates the taxon that occurs as small fragment or that found during the observation after count of one hundred diatom valves. (Bianucci et al., 2016) . We also compared with extant ziphiids using photos from Kasuya (1973) , and actual specimens (Ziphius cavirostris, OU 22724; Tasmacetus shepherdi, OU no number; Mesoplodon grayi, OU no number; Mesoplodon stejnegeri, SMAC 3229).
The periotics of TTM-1+ Nazcacetus + extant ziphiids are differ from the periotics of Messapicetus + Ninoziphius by having a robust anterior process, wider anterior bullar facet, wider posterior process and an enlarged medial tubercle on the medial surface of the anterior process. But, comparison between the periotics of TTM-1 + Nazcacetus and (vs.) extant ziphiids, those of the extant ziphiids show more robust anterior process, wider anterior bullar facet and wider posterior process. The periotic of TTM-1 differs from those of the extant ziphiids and Nazcacetus by having a not swollen lateral side of the anterior process. 
GENERAL DESCRIPTION
Ontogeny. All three preserved vertebrae show unfused epiphyses to the bodies. Based on these observations, TTM-1 is a juvenile to subadult. Skull. A flat, squashed and fragmentary huge bone ( Figure 2 ) does not show clear morphological information. A side of the skull is stuck by plaster jacket to protect the specimen. There is a huge flat area on the left side of Figure 2 , which might be the supraoccipital. On the right side, there is a bone with thin layers, which might be a part of the rostrum. If this identification was correct, the skull is about 86+ cm long and 30+ cm wide. Periotic. The periotic (Figures 3, 4 and Table 2 ) has a robust anterior process, a long posterior process and a dorsoventrally high, medially broken pars cochlearis, which is anteroposteriorly longer than the anterior process. Both the anterior and posterior processes are straight, but are strongly bent ventrally compared to the axis of the body of the periotic. The anterior process is robust and weakly bent ventrally. The anterior process has an anteroposteriorly long excavated anterior bullar facet.
There is a laterally swollen medial tubercle of the anterior process (Tanaka and Fordyce, 2016) , which contacts with the pars cochlearis and forms the anterior incisure. Slightly lateral to the anterior incisure on the anterior process, there is a shallow fovea epitubaria (about 1.5 mm diameter). Dorsally, a deep anteroexternal sulcus runs from just anterior to the lateral tuberosity to the medial tubercle. The anterior keel runs dorsolaterally.
The pars cochlearis is anteroposteriorly longer than the anterior process, and is broken laterally. The anteromedial surface of the pars cochlearis has a weak depression, which is a part of the median promontorial groove. The broken internal acoustic meatus reveals the spiral cribriform tract anteriorly and area cribrosa media posteriorly. The proximal opening of the facial canal is large and possesses anteroposteriorly long elliptical shape (3.5 and 1.5 mm diameter). The foramen singulare is very tiny (about 0.1 mm diameter) and located very deep at ventral to the transverse crest. The aperture for cochlear aqueduct is large and circular (about 3.0 mm diameter). The preserved lateral margin of the fenestra rotunda implies that the size of the foramen is 3 mm diameter or slightly larger.
On the body of the periotic in ventral view, the mallear fossa is clear and mediolaterally wide elliptical shape (4.3 mm long and 5.5 mm wide), but shallower than the condition of the modern ziphiids. The mallear fossa is anterolaterally restricted by a sigmoidal ridge, which continues to the lateral tuberosity.
The lateral tuberosity is well developed and separated from the anterior process. Between the mallear fossa and dorsal opening of the facial canal, there is a tiny deep submallear fossa (Tanaka and Fordyce, 2017) . A deep and small fossa incudis is located posterior to the submallear fossa and anterior to the posterior process. The facial crest of the periotic separates an anteroposteriorly long elliptical fenestra ovalis (2.0 and 1.6 mm diameter) and a circular dorsal opening of the facial canal (1.0 mm diameter). The facial sulcus runs from the dorsal opening of the facial canal, and connects to a shallow and wide stapedial mus-cle fossa medially. The dorsal surface of the body of the periotic is smooth and flat.
A fan-shaped posterior process is anteroposteriorly long and widens posteriorly. The posterior bullar facet is smooth, has raised medial and lateral ridges and an anteroposteriorly long depression between the ridges. The posteromedial part of the posterior process has a small notch, which is a part of the prolonged stapedial muscle fossa. The dorsal keel of the posterior process is weak. Bulla. The left bulla ( Figures 5, 6 and Table 2 ) preserves the involucrum, but its lateral part is broken. In the anterior portion of the involucrum, there is a distinctive transverse depression. The involucrum has many transverse deep grooves on the ventral and medial surfaces. The involucrum proportion can be separated at the midway as slender and anteriorly tapered anterior portion and thick and laterally swollen posterior portion. A broken base of the posterior process lies on the ventral surface of the posterior end of the involucrum. The posterior end of the involucrum is blunt rather than rounded. Ventrally, a deep and narrow median furrow runs anteroposteriorly. Medial to the median furrow, the inner posterior prominence weakly project posteriorly. Teeth. TTM-1 is polydont and near-homodont (Figure 7 , Table 3 ). Sixteen isolated single-rooted teeth are preserved. The original orientation of the teeth is determined based on preserved teeth of the fossil ziphiids such as Ninoziphius platyrostris and Chavinziphius maxillocristatus Lambert et al., 2013; Bianucci et al., 2016) . All the preserved teeth have conical to anteroposteriorly flattened crowns, which are buccolingually weakly curved (Figure 7.9 ). All the preserved teeth possess weakly pointed crowns with no apical wear. The teeth are hollow, thus some of the teeth are crashed buccolingually. All the preserved roots are apicobasally longer than their crowns.
Four larger teeth (Figure 7.1-4) are about 26-23 mm in total apicobasal length, with a crown height of 12-10 mm. These teeth have a wide root. Based on the root shape and size, they are posterior teeth. Twelve smaller teeth (Figure 7 .5-8 and 7.10-17) are 19 mm or smaller in total dimension. The crown heights are about 9-8 mm. These smaller crowns have a weaker degree of curvature than the larger teeth. This is especially evident in the smallest teeth (Figure 7 .12-17), which possess anteroposteriorly shorter roots, circular in cross sections. Vertebrae. Only bodies of three vertebrae are preserved (Figure 8 ). They are slightly anteroposteriorly longer than the transverse width (Vertebra 12 number A is 50 mm long, 60 mm wide. Vertebra number B is 82 mm long, 75 mm wide). These preserved vertebrae possess unfused epiphyses.
DISCUSSION

Periotic Morphology and Transition among the Ziphiidae
As compared in the systematic paleontology section, among the Ziphiidae from the stem to crown, the periotic morphology seems to be changed to more robust anterior process, wider anterior bullar facet and posterior process ( Figure  9 ). The crown Ziphiidae of Bianucci et al. (2016) including TTM-1 share a feature; enlarged medial tubercle on the anterior process. The periotics of Ninoziphius and Messapicetus clade also show the medial tubercle, but they do not contact with the pars cochlearis. The lateral side of the anterior process in ventral view might represent useful future phylogenetic comparisons. TTM-1 does not have a swollen lateral side of the anterior process, not like Tasmacetus, Nazcacetus and others.
CONCLUSION
TTM-1 from the Chepotsunai Formation (latest Miocene) of Tomamae Town, Hokkaido, Japan, (including the periotic, bulla, isolated teeth and vertebrae) is identified as a member of a clade with crown ziphiids of Bianucci et al. (2016) by three periotic synapomorphies, such as having a posteriorly widen posterior process, transversely thick anterior process and laterally elongated lateral pro-cess. TTM-1 is polydont and its teeth are similar to those of Ziphirostrum marginatum of the extinct Messapicetus clade. TTM-1 adds periotic morphology among the Ziphiidae. From the stem to crown, the periotic morphologies seem to be changed to more robust anterior process, wider anterior bullar facet and posterior process. The crown Ziphiidae of Bianucci et al. (2016) including TTM-1 share a feature; enlarged medial tubercle on the anterior process. TTM-1 does not have a swollen lateral side of the anterior process, not like Tasmacetus, Nazcacetus and others. These features might be used for phylogenetic analysis. The proportions of the anterior process and posterior process of a baleen whale group, the Balaenopteridae are known as parts showing ontogenetic variation (Bisconti, 2001) . Examined modern ziphiids in this study are not really known for their ontogenetic stages. However, a supposed not fully adult individual of Mesoplodon grayi (OU no number) with an opened mesorostral groove also shows robust anterior and posterior processes. More data, especially ontogenetic variation among the Ziphiidae periotics is required.
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